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(54)  Method  and  kit  for  determining  malignant  potential  in  tissue  cells 

(57)  A  method  for  identifying  premalignant  changes 
in  the  cells  of  an  epithelial  tissue  which  serve  as  a  pre- 
dictor  of  the  progressive  malignant  potential  of  the  cells 
in  the  tissue  is  disclosed.  The  level  of  cell  proliferation 
and  level  of  cell  death  inhibition  in  the  tissue  is  meas- 
ured.  The  fraction  of  cells  combining  both  markers  is 
indicative  of  a  (pre)malignancy.  With  increasing  severity 
of  a  premalignant  lesion,  the  fraction  of  these  cells 
increases.  The  two  components  are  compared  to  detect 
premalignant  changes  in  the  cells.  A  prognostic  kit  for 
determining  the  progressive  potential  of  an  epithelial  tis- 
sue  is  also  disclosed.  The  kit  comprises  a  keratin  detec- 
tion  antibody,  an  antibody  for  determining  the 
expression  of  a  cell  proliferation  marker  in  the  tissue, 
and  an  antibody  for  determining  the  expression  of  a  cell 
death  inhibition  marker  in  the  tissue. 
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Description 

FIELD  OF  THE  INVENTION 

This  invention  is  in  the  field  of  medical  diagnostics  5 
and  prognostics,  specifically,  relating  to  a  method  and 
kit  for  identifying  premalignant  changes  in  the  cells  of 
epithelial  tissue  and  predicting  the  progressive  potential 
of  the  cells  to  become  malignant. 

10 
BACKGROUND  OF  THE  INVENTION 

In  a  mature  animal,  a  balance  between  cell  prolifer- 
ation  (cell  renewal)  and  cell  death  is  maintained  in  most 
organs  and  tissues.  Generally,  mature  cells  have  a  is 
given  lifespan,  depending  upon  their  type,  and  as  the 
mature  cells  die,  new  cells  are  generated  by  prolifera- 
tion  and  differentiation  of  stem  cells.  Under  normal  con- 
ditions,  cell  proliferation  is  regulated  such  that  the 
numbers  of  any  particular  cell  type  remain  constant,  20 
thus  cell  proliferation  and  cell  death  are  in  balance.  If 
cells  which  are  not  responsive  to  normal  growth  control 
mechanisms  arise,  clones  of  cells  arise  that  can  expand 
in  size  and  numbers  beyond  that  which  is  considered 
normal  and  may  thus  produce  a  tumor,  or  neoplasm.  A  25 
tumor  that  continues  to  grow  and  become  increasingly 
invasive  in  the  surrounding  tissue  is  malignant,  or  can- 
cerous. 

Because  of  the  similar  embryonic  origin,  most  epi- 
thelial  carcinomas  exhibit  similar  cell  characteristics.  30 
Moreover,  epithelial  carcinomas  demonstrate  a  full 
range  of  preneoplastic  stages. 

A  substantial  body  of  work  has  been  compiled 
which  attempts  to  determine  the  progressive  nature  of 
premalignant  cells  to  become  malignant.  However,  it  35 
often  is  not  possible  to  identify  cell  lesions  which  will  fol- 
low  a  progressive  course  or  to  distinguish  them  from 
those  which  are  regressive  in  nature  based  only  on  pure 
morphological  criteria. 

The  accelerated  proliferation  of  cells  is  a  known  40 
indicator  of  neoplasia.  Methods  for  determining  the  pro- 
gressive  nature  of  premalignant  lesions  include,  next  to 
a  morphological  examination  of  nuclear  and  cytoplas- 
mic  organization,  the  immunohistochemical  detection  of 
cellular  markers.  These  markers  often  represent  cyto-  45 
plasmic  or  nuclear  constituents  which  indicate  the  prolif- 
erative  potential  of  the  tumor  cells  under  examination. 
For  example,  an  increased  number  of  cells  expressing 
Ki-67-Antigen  or  PCNA,  or  showing  an  increased  incor- 
poration  of  [3H]-thymidine  or  BrdU,  indicates  a  higher  so 
malignant  potential  or  advanced  stage  of  (pre)neopla- 
sia.  Also,  the  DNA  content  of  a  certain  cell  fraction,  as 
determined  by  DNA-flow  cytometry,  may  be  used  as  a 
prognosticator. 

Recently,  it  has  become  evident  that  not  only  the  55 
rate  of  cell  renewal  is  important  for  tumor  progression, 
but  that  also  a  decreased  rate  of  cell  death  (apoptosis) 
may  be  an  important  factor  in  this  respect.  Cells  that  do 
not  die  (have  become  immortal)  can  accumulate 

genetic  damage  and  thereby  progress  to  more 
advanced  stages  of  (pre)malignancy. 

Methods  for  determining  the  expression  of  antigens 
such  as  Ki-67  Antigen  and  the  proliferating  cell  nuclear 
antigen  (PCNA)  have  been  successfully  used  to  identify 
the  extent  of  cell  proliferation.  Proliferating  cells  staining 
positive  for  the  antigens  are  significantly  higher  in  pre- 
malignant  and  malignant  lesions  than  in  nonneoplastic 
lesions.  Raju,  G.C.  Expression  of  the  Proliferating  Cell 
Nuclear  Antigen  in  Cervical  Neoplasia.  Int.  J.  Gynecol. 
Path.  (1994)  13:337-41  .  Evaluation  of  the  expression  of 
such  indicators  is  used  in  conjunction  with  histological 
diagnosis  to  determine  the  pathogenesis  of  neoplasias. 

The  expression  of  cell  proliferation  markers  and  its 
relationship  to  prognosis  in  primary  cervical  cancers 
suggests  that  the  percentage  of  proliferating  cells 
measured  immunohistochemically  might  be  applicable 
to  examine  the  biological  growth  potential  in  certain 
cancers  and  possibly  indicate  the  clinical  prognosis  of 
the  tumor.  Other  studies,  however,  have  found  such 
markers  to  be  of  limited  prognotic  value.  Brown  et  al., 
Carcinoma  of  the  Cervix  Uteri:  An  Assessment  of  Tumor 
Proliferation  Using  the  Monoclonal  Antibody  Ki-67,  "  Br 
J.  Cancer  57:178-181,  (1998),  and  Raju. 

Blocked  apoptosis  (cell  death)  plays  a  role  in  tumor 
progression  by  promoting  the  survival  of  therapy-resist- 
ant  variants.  Smets,  L.  Apoptosis  and  cancer:  Hype  or 
Hypothesis?  LCC  Newsletter  (1995),  pages  10-12. 
Membrane  protein  BCL-2  is  consistently  expressed  in 
normal  epithelial  cells  and  its  expression  is  associated 
with  inhibition  of  apoptosis.  Siziopikou,  K.P,  Prioleau, 
J.E.,  Harris,  J.R  &  Schnitt,  S.J.  BCL-2  Expression  in  the 
Spectrum  of  Preinvasive  Breast  Lesions.  Cancer  (1  996) 
77(3):499-506. 

BCL-2  is  involved  in  the  regulation  of  cell  death  and 
survival  without  affecting  cell  proliferation.  The  protein 
has  no  direct  effect  on  cell  proliferation  because  overex- 
pression  of  BCL-2  does  not  inevitably  result  in  an 
increase  in  cell  proliferation  or  alter  the  pattern  of  the 
cell  cycle.  Lu,Q.-L,  Abel,  P.,  Foster,  C,  &  Lalani,  E.-L. 
bcl-2:  Role  in  Epithelial  Differentiation  and  Oncogene- 
sis.  Human  Path.,  (1996)  27(2):102-10. 

The  cell  proliferation  and  apoptosis  characteristics 
of  cervical  neoplasms  are  exemplary  of  most  epithelial 
carcinomas,  which  account  for  approximately  80  -  90% 
of  tumors  occurring  in  vivo.  Cervical  carcinoma  origi- 
nates  from  cervical  intraepithelial  neoplasia  (CIN)  and  is 
usually  located  at  the  squamocolumnar  junction  of  the 
uterine  cervix.  Frequently,  CINs  increase  in  severity  and 
become  malignant.  Vooijs,  G.R,  Benign  proliferative 
reactions,  intraepithelial  neoplasia  and  invasive  cancer 
of  the  uterine  cervix.  In:  Comprehensive  Cytopathology. 
Edited  by  Bibbo,  M.,  pp.  153-230.  Philadelphia/Lon- 
don/Toronto:  W.B.  Saunders  Co.,  1991. 

CINs  are  classified  as  low-  (CIN  I),  moderate-  (CIN 
II),  or  high-grade  (CIN  III),  depending  upon  their  malig- 
nant  potential.  Low-grade  CIN  (CIN  I)  is  suggested  to 
have  a  low  malignant  potential,  i.e.  the  risk  of  progres- 
sion  to  cervical  carcinoma  is  low.  Most  low-grade  CIN 
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lesions  are  thought  to  regress  spontaneously.  High- 
grade  CIN  (CIN  III)  has  greatly  increased  malignant 
potential.  It  has  been  proposed  that  nearly  100%  of 
high-grade  CINs  progress  to  carcinoma.  Ostor,  A.G. 
Natural  history  of  cervical  intraepithelial  neoplasia:  a  5 
critical  review.  Int.  J.  Gynecol.  Pathol.  (1993)  12:186-92. 

The  reactivity  of  premalignant  lesions  and  carcino- 
mas  with  panels  of  antibodies  which  have  been  shown 
to  indicate  specific  features  of  malignant  progression, 
such  as  markers  of  the  cell  cycle,  proto-oncogenes  or  10 
tumor  suppressor  genes  are  well  documented.  For 
example,  the  monoclonal  antibody  MIB  1  detects  the  Ki- 
67  Antigen  (Ki-67-Ag)  present  in  cells  in  all  active 
phases  of  the  cell  cycle  (G  ̂ S,  G2,  M),  but  is  absent  in 
G0.  Cattoretti,  G.,  Becker,  M.,  Key,  G.,  Duchrow,  M.,  15 
Schluter,  C,  Galle,  J.  and  Gerdes,  J.  Monoclonal  anti- 
bodies  against  recombinant  parts  of  the  Ki-67  antigen 
(MIB  1  and  MIB  3)  detect  proliferating  cells  in  micro- 
wave-processed  formalin-fixed  paraffin  sections.  J. 
Pathol.  (1992)  168:357-63;  Gerdes,  J.,  Lemke,  H.,  20 
Baisch,  H.,  Wacker,  H.,  Schwab,  U.,  Stein,  H.  Cell  cycle 
analysis  of  a  cell  proliferation  associated  human  nuclear 
antigen-defined  by  the  monoclonal  antibody  Ki-67.  J. 
Immunol.  (1984)  133:1710-15. 

The  MIB  1  antibody  has  been  shown  to  be  25 
extremely  useful  in  the  evaluation  of  proliferative  activity 
as  a  determinant  of  Ki-67  expression  in  normal  tissues 
and  malignant  tumors.  Hendricks,  J.,  Wilkinson,  E., 
Kubilis,  P.,  Drow,  P.,  Blaydes,  S.,  Munakata,  S.  Ki-67 
expression  in  vulvar  carcinoma.  Int.  J.  Gynecol.  Pathol.  30 
(1994)  13:205-10;  Brown,  D.,  Cole,  D.,  Gatter,  K., 
Mason,  D.  Carcinoma  of  the  cervix  uteri:  An  assess- 
ment  of  tumour  proliferation  using  the  monoclonal  anti- 
body  Ki-67.  Br.  J.  Cancer  (1988)  57:178-81.  Studies  of 
proliferative  activity  in  gynecological  tumors  suggest  35 
that  the  pattern  of  antigen  expression  is  associated  with 
aggressive  behavior.  Pattern  determination  of  antigen 
staining  alone,  however,  offers  a  somewhat  arbitrary 
indicator  of  the  progressive  nature  of  a  tumor  mass  that 
may  be  complicated  by  the  presence  and/or  extent  of  40 
localized  expression  patterns. 

Although  such  immunocytochemical  techniques 
are  valuable  to  the  study  of  various  cell  characteristics 
of  cancers,  individual  antigens  and/or  antigen  markers 
have  so  far  not  been  successfully  used  to  predict  the  45 
progressiveness  of  a  cell  lesion  or  tumor  when  the  cells 
are  premalignant.  There  remains  a  need  for  a  method 
for  identifying  early  premalignant  changes  in  cells  which 
accurately  determine  the  progressive  potential  of  these 
preneoplastic  stages.  so 

SUMMARY  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  and  kit 
for  measuring  simultaneously  cell  proliferation  and  cell  ss 
apoptosis  inhibition  in  epithelial  tissues  to  identify  pre- 
malignant  cell  changes  which  may  be  used  to  predict 
the  progressive  potential  of  the  cells  to  transform  to  can- 
cer.  In  a  preferred  embodiment  of  the  method,  the  level 

of  cell  proliferation  is  measured  by  determining  the 
expression  of  a  cell  proliferation  antigen,  such  as  the  Ki- 
67-Ag.  Ki-67-Ag  expression  may  be  determined  immu- 
nocytochemically  with  the  MIB  1  antibody.  The  level  of 
cell  death  inhibition  may  be  measured  by  determining 
the  expression  of  the  BCL-2  cell  membrane  protein. 

The  present  invention  determines  the  combination 
of  both  markers  in  the  same  cell  population.  As 
described  below  in  more  detail,  normal  cervical  epithe- 
lium  (ectocervix)  contains  a  fraction  of  proliferative  cells 
(the  parabasal  cell  layer)  and  a  fraction  of  cells  that  are 
protected  against  apoptosis  (the  basal  cell  layer).  Thus, 
a  normal  epithelium  topographically  separates  both  cell 
fractions,  and  the  percentage  of  cells  combining  a  high 
proliferative  potential  with  cell  death  inhibition  is  very 
low.  With  increasing  severity  of  preneoplasia,  the 
number  of  cells  combining  both  parameters  increases 
dramatically,  increasing  up  to  80%  or  more. 

Cell  proliferation  and  cell  apoptosis  inhibition  mark- 
ers  may  be  measured  using  tissue  slides  which  are 
immunostained  to  detect  simultaneously  an  indicator  of 
cell  proliferation  and  an  indicator  of  cell  death  inhibition. 
In  alternate  embodiments  of  the  present  invention, 
smears  of  the  cells  are  prepared  and  immunostained  to 
detect  simultaneously  an  indicator  of  cell  proliferation 
and  an  indicator  of  cell  death  inhibition  as  a  measure  of 
cell  proliferation  and  a  measure  of  cell  death  inhibition. 
In  yet  other  embodiments,  the  level  of  cell  proliferation 
and  the  level  of  cell  death  inhibition  is  measured  simul- 
taneously  by  flow  cytometry  or  morphometric  imaging. 

In  a  further  embodiment  of  the  invention,  a  prog- 
nostic  kit  is  provided  for  determining  the  progressive 
potential  of  premalignant  epithelial  tissue  cells.  In  one 
specific  embodiment,  the  kit  comprises  a  keratin  detec- 
tion  antibody  to  gate  for  the  epithelial  cells,  an  antibody 
for  determining  the  expression  level  of  a  cell  prolifera- 
tion  marker  in  the  tissue,  and  an  antibody  for  determin- 
ing  the  expression  level  of  a  cell  death  (apoptotic) 
inhibition  marker  in  the  tissue. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  shows  an  immunohistochemical  staining 
of  normal  ectocervix  tissue  with  the  Ki-67-Ag  antibody 
MIB-1. 

Figure  2  shows  an  immunohistochemical  staining 
of  normal  ectocervix  tissue  with  the  BCL-2  antibody  124 
mAb. 

Figure  3  shows  an  immunohistochemical  staining 
of  cervical  intraepithelial  neoplasia  (CIN  III)  with  MIB-1. 

Figure  4  shows  an  immunohistochemical  staining 
of  cervical  intraepithelial  neoplasia  (CIN  III)  with  the 
BCL-2  antibody. 

Figure  5a  illustrates  the  relationship  between  prolif- 
erative  cells  and  cells  protected  from  cell  death  in  nor- 
mal  epithelium. 

Figure  5b  illustrates  the  increase  in  cells  combining 
high  proliferative  potential  with  cell  death  inhibition  with 
increasing  severity  of  preneoplasia. 
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Figure  6  is  a  schematic  representation  of  the  aver- 
age  percentages  of  Ki-67-Ag  and  BCL-2  immunostain- 
ing  cells  in  normal,  preneoplastic  and  neoplastic 
cervical  epithelia. 

5 
DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  and  kit 
for  measuring  simultaneously  cell  proliferation  and  cell 
apoptosis  inhibition  in  epithelial  tissues  to  identify  pre-  10 
malignant  cell  changes  which  may  be  used  to  predict 
the  progressive  potential  of  the  cells  to  transform  to  can- 
cer.  The  present  invention  determines  the  combination 
of  both  markers  in  the  same  cell  population,  thereby 
providing  a  comparative  analysis  for  determining  the  is 
malignant  potential  of  premalignant  cells. 

In  a  preferred  embodiment  of  the  present  invention; 
the  cytokinetic  parameters  for  the  progression  of  prene- 
oplasia  are  determined  by  measuring  the  expression  of 
a  cell  proliferation  marker  in  normal,  metaplastic,  and  20 
preneoplastic  epithelia.  The  capacity  of  dysplastic  epi- 
thelial  cells  to  withdraw  from  programmed  cell  death 
(apoptosis)  is  also  measured  in  the  same  specimen. 
The  results  of  cell  proliferation  measures  and  inhibition 
of  cell  death  (apoptosis)  measures  are  then  correlated  25 
to  the  morphologically  determined  degree  of  (pre)neo- 
plasia.  Determinations  of  cell  proliferation  and  inhibition 
of  apoptosis  may  be  measured  in  any  epithelial  tissue, 
lesions  or  carcinomas  according  to  the  method 
described  herein.  30 

While  the  following  discussion  of  the  present  inven- 
tion  pertains  to  the  determination  of  cell  proliferation 
and  inhibition  of  apoptosis  in  cervical  tissue,  CIN 
lesions,  and  cervical  carcinomas,  the  present  invention 
can  be  used  to  determine  cell  proliferation  and  inhibition  35 
of  apoptosis  in  any  tissue  of  epithelial  cells,  lesions,  and 
carcinomas. 

The  protocol  and  techniques  described  below  were 
used  to  simultaneously  measure  cell  proliferation  and 
cell  apoptosis  inhibition  in  the  cervical  specimens.  The  40 
protocol  and  techniques  described  can  successfully  be 
used  to  practice  the  invention  using  other  tissue  speci- 
mens.  Therefore,  the  discussion  as  it  pertains  to  cervi- 
cal  specimens  is  exemplary  and  not  limiting. 

The  balance  between  the  proliferative  cell  fraction  45 
and  the  cell  fraction  protected  from  apoptosis  of  normal 
cervical  epithelia,  CIN  lesions  and  cervical  carcinomas 
was  determined  by  measuring  Ki-67-Ag  expression  and 
BCL-2  expression.  Cell  proliferation  was  measured 
using  the  MIB  1  antibody  to  detect  the  Ki-67-Ag.  The  so 
expression  of  the  membrane  protein  BCL-2,  was  meas- 
ured  as  determinative  of  protection  against  apoptosis  in 
the  cells  of  the  epithelia. 

BCL-2  protects  cells  from  apoptosis  and  is,  there- 
fore,  expressed  in  stem  cell  compartments  and  other  ss 
cells  in  which  protection  from  cell  death  is  important  for 
tissue  homeostasis.  Hokenberry,  D.,  Zutter,  M.,  Hickey, 
W.,  Nahm,  M.,  Korsmeyer,  S.  BCL-2  protein  is  topo- 
graphically  restricted  in  tissues  characterized  by  apop- 

totic  cell  dead.  Proc.  Natl.  Acad.  Sci.  U.S.A.  (1991) 
88:6961-65;  Hockenbery,  D.,  Nuffez,  G.,  Milliman,  C, 
Schreiber,  R.,  Korsmeyer,  S.  BCL-2  is  an  inner  mito- 
chondrial  membrane  protein  that  blocks  programmed 
cell  death.  Nature  (1990)  348:334-36.  In  premalignant 
lesions,  accumulation  of  BCL-2  protein  can  lead  to  a 
prolonged  life-span  of  cells,  which  may  result  in  an 
accumulation  of  genetic  aberrations  in  cells  which  are 
highly  protected  against  cell  death.  Thus,  the  cells  hav- 
ing  expanded  lifespans  as  well  as  a  high  proliferative 
capacity,  continue  to  give  rise  to  clones  of  cells  that  may 
produce  a  malignant  tumor. 

Ki-67-Ag  and  BCL-2  expression  were  determined  in 
formalin  fixed  and  paraffin  embedded  cervical  tissue 
specimens.  The  tissue  specimens  included  excision 
biopsies  from  the  normal  cervix  taken  from  hysterec- 
tomy  specimens  removed  for  benign  conditions.  These 
biopsies  served  as  controls  (n=16).  The  parabasal  cell 
layer  of  proliferative  cells  in  normal  cervical  epithelium 
(ectocervix)  is  shown  generally  in  Figure  1  .  The  basal 
cell  layer  including  a  fraction  of  cells  protected  against 
cell  death  (apoptosis)  in  normal  cervical  epithelium 
(ectocervix)  is  shown  generally  in  Figure  2. 

For  cervical  intraepithelial  neoplasia  (CIN)  lesions, 
diathermy  loop  excision  specimens  were  used.  These 
specimens  were  removed  from  women  with  cytologi- 
cally  verified  CIN.  The  specimens  consisted  of  16  cases 
of  CIN  I,  12  cases  of  CIN  II,  and  13  cases  of  CIN  III.  Tis- 
sue  samples  from  8  cervical  squamous  cell  carcinomas 
and  5  adenocarcinomas  were  taken  from  radical  hyster- 
ectomy  specimens. 

In  some  cases,  more  than  one  type  of  epithelium 
was  investigated  in  a  tissue  specimen.  By  doing  so,  29 
cases  with  normal  ectocervical  non-keratinizing  epithe- 
lium;  37  samples  with  normal  endocervical  epithelium; 
20  samples  with  normal  endocervical  reserve  cells;  8 
cases  of  immature  squamous  metaplasia;  and  1  3  cases 
of  mature  squamous  metaplasia  were  observed.  The 
histologic  diagnosis  was  performed  on  hematoxylin- 
eosin  (H&E)  stained  slides  using  standard  staining  pro- 
cedures  known  to  those  skilled  in  the  art. 

The  specimens  were  prepared  as  follows  for  deter- 
mining  Ki-67-Ag  expression.  Immunocytochemical 
staining  procedures  were  performed  using  the  MIB  1 
antibody  (available  from  Immunotech,  Marseille, 
France)  as  a  marker  of  Ki-67-Ag  expression.  2-|xm  thick 
sections  were  cut  from  representative  paraffin  blocks, 
mounted  on  organosilane  coated  slides  and  dried  over- 
night.  After  deparaffination  and  blocking  of  endogenous 
peroxidase  activity,  the  sections  were  incubated  in  cit- 
rate  buffer  (0.01  M,  pH=6.0)  for  two  consecutive  periods 
of  5  minutes  in  a  microwave  oven  (Panasonic)  at  750  W. 
Between  the  two  periods,  the  volume  of  citrate  buffer 
was  checked  and  adjusted  when  needed.  The  sections 
were  then  incubated  with  the  undiluted  antibody  MIB  1 
for  1  hour  at  room  temperature.  After  subsequent  wash- 
ing  steps  with  phosphate  buffered  saline  (PBS),  the  per- 
oxidase  labeled  Strept-Avidin  detection 
system(BioGenex  Laboratories,  San  Ramon,  California, 
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U.S.A.)  was  applied  to  the  sections.  The  peroxidase 
activity  was  detected  with  diamine-benzidine  HCI 
(DAB).  The  sections  were  counterstained,  dehydrated 
and  mounted  with  coverfilm. 

The  immunohistochemical  staining  procedure  for  s 
BCL-2  was  essentially  the  same  as  described  for  MIB  1  . 
The  monoclonal  antibody  124  mAb  (available  from 
DAKO  A/S,  Glostrup,  Denmark),  was  diluted  1  :50  and 
the  signal  visualized  by  the  indirect  avidin-biotin  proce- 
dure  (High  Performance  Multi  Link  Kit,  BioGenex,  San  10 
Ramon,  California,  U.S.A.)  using  DAB  as  a  chromogen. 

Positively  staining  normal  lymphocytes  infiltrating 
the  stroma  of  the  cervical  lesions  represented  an  inter- 
nal  positive  control  for  BCL-2  immunostaining.  Further- 
more,  positive  controls  for  MIB  1  and  BCL-2  consisted  is 
of  lymph  node  tissue  reactive  follicular  hyperplasia.  For 
BCL-2,  the  germinal  center  cells  of  the  lymphoid  follicle 
were  negative  and  most  of  the  follicle  mantle  zone  cells 
were  positive,  as  described  elsewhere.  Gerdes,  J.,  et 
al.,  Cell  Cycle  Analysis  of  a  Cell  Proliferation-Associ-  20 
ated  Human  Nuclear  Antigen  Defined  by  the  Mono- 
clonal  Antibody  Ki-67.  J.  Immunol.  (1984)  133:1710-15. 

All  H&E  stained  and  immunostained  slides  were 
evaluated  for  MIB  1  and  BCL-2  levels  using  a  light 
microscope.  MIB  1  staining  was  in  general  strong  and  25 
was  evaluated  by  determining  the  number  of  positive 
nuclei  in  each  type  of  epithelium  in  relation  to  the  total 
number  of  nuclei.  In  this  way  the  percentage  of  posi- 
tively  staining  nuclei  was  determined  in  each  epithelial 
compartment.  In  some  cases  minor  cytoplasmic  stain-  30 
ing  was  observed,  which  was  recorded  separately.  BCL- 
2  showed  cytoplasmic  staining  which  was  graded 
strong,  moderate,  weak  and  very  weak.  Furthermore, 
the  percentage  of  cells  staining  positive  for  BCL-2  in 
each  epithelial  compartment  was  scored.  35 

The  results  reported  below  are  summarized  in  Fig- 
ure  6.  The  abbreviations  along  the  left  margin  of  the 
table  are  defined  as:  basal  cell  compartment  (B);  para- 
basal  cell  compartment  (PB);  intermediate  cell  compart- 
ment  (I);  superficial  cell  compartment  (S);  columnar  40 
cells  (CC);  reserve  cells  (RC):  immature  squamous 
metaplastic  epithelium  (ISM);  mature  squamous  meta- 
plastic  epithelium  (MSM). 

Referring  to  Figure  1,  Ki-67-Ag  expression,  as 
detected  by  MIB  1  ,  was  prominently  present  in  nuclei  of  45 
cells  in  the  parabasal  cell  layer  of  normal,  ectocervical 
non-keratinizing  squamous  epithelium.  An  average  of 
34%  of  nuclei  in  this  cell  compartment  stained  posi- 
tively,  the  range  varying  between  10  and  60%.  Only 
sporadic  nuclei  (less  than  1  %)  in  the  basal  cell  compart-  so 
ment  were  positive  for  Ki-67-Ag.  The  intermediate  cell 
compartment  and  superficial  cell  compartment  were 
completely  negative  for  Ki-67-Ag.  BCL-2  Was  identified 
in  >95%  of  the  cells  in  the  basal  cell  compartment  of  all 
specimens  (see  Figure  2).  In  the  overlying  epithelial  lay-  55 
ers,  a  minor  faction  of  the  cells  stained  weakly. 

Ki-67-Ag  was  observed  in  less  than  1%  of  endocer- 
vical  columnar  cells  in  12  of  37  tissue  fragments.  In  the 
cases  of  positive  staining,  the  cell  cytoplasm  also  dis- 

played  some  immunoreactivity.  BCL-2  immunoreactivity 
was  observed  in  approximately  75%  of  the  cells  in  these 
specimens  and  was  usually  weak.  The  other  specimens 
were  negative  for  BCL-2. 

Ki-67-Ag  was  detected  in  2  of  the  20  specimens 
with  reserve  cells.  One  specimen  showed  approxi- 
mately  20%  of  the  nuclei  positive  for  Ki-67-Ag  and  the 
other  showed  only  1%  of  the  nuclei  positive  for  Ki-67- 
Ag.  BCL-2  was  detected  in  nearly  all  reserve  cells  in  all 
tissue  specimens.  Staining  was  usually  moderate. 

Of  the  eight  tissue  specimens  in  which  immature 
squamous  metaplastic  epithelium  was  diagnosed,  four 
specimens  were  from  the  control  group  ad  four  speci- 
mens  were  associated  with  CIN  lesions.  Ki-67-Ag  was 
expressed  in  all  8  cases,  however,  in  the  control  speci- 
mens  approximately  5%  of  the  basal  cell  nuclei  were 
positive  for  Ki-67-Ag.  In  the  mature  metaplastic  epithe- 
lium  associated  with  CIN,  approximately  15%  of  nuclei 
in  the  basal  cell  layer  were  stained.  In  6  of  the  eight 
specimens,  up  to  approximately  7%  of  nuclei  in  the 
intermediate  cell  compartment  stained  positive.  In  one 
of  the  control  specimens,  approximately  10%  of  the 
nuclei  in  the  superficial  cell  compartment  stained  posi- 
tive  for  Ki-67-Ag.  BCL-2  staining  in  immature  squamous 
metaplastic  epithelium  was  variable,  with  all  cases 
showing  weak  to  moderate  cytoplasmic  staining  in  the 
basal  or  intermediate  cell  compartments. 

The  results  of  staining  with  antibodies  for  MIB  1  and 
BCL-2  in  mature  squamous  metaplasia  specimens 
were  identical  to  that  observed  in  normal  ectocervical 
non-keratinizing  squamous  epithelium. 

CIN  specimens  are  shown  in  Figures  3  and  4.  The 
Ki-67-Ag  was  expressed  in  all  1  6  tissue  fragments  with 
CIN  I.  The  percentage  of  positively  staining  nuclei  var- 
ied  considerably  between  the  individual  specimens.  In 
the  basal  cell  compartment,  nuclear  staining  varied 
from  approximately  10  to  70%  of  the  cells  with  approxi- 
mately  40%  of  the  nuclei  staining  in  the  majority  of 
cases.  In  12  cases,  staining  was  noted  in  approximately 
5  to  50%  of  nuclei  of  the  intermediate  cell  compartment. 
Staining  of  the  superficial  cells  was  noted  in  3  of  16 
cases,  all  showing  less  than  approximately  5%  of  the 
nuclei  positive  for  Ki-67-Ag. 

In  CIN  I,  BCL-2  was  immunodetected  in  an  average 
of  50%  of  the  cells  in  the  basal  cell  compartment  only,  in 
all  tissue  specimens  examined. 

The  12  CIN  II  tissue  specimens  showed  nuclear 
positivity  for  Ki-67-Ag  in  the  basal  cell  compartment, 
with  an  average  of  approximately  40%  of  the  nuclei  with 
MIB  1  staining.  The  specimens  exhibited  a  variation  of 
between  approximately  20  to  70%  of  the  nuclei  staining 
with  MIB  1.  In  all  cases,  the  intermediate  cell  compart- 
ment  was  stained,  with  the  number  of  positive  nuclei 
varying  between  20  and  70%  (average  33%).  In  the 
superficial  compartment,  between  1  and  70%  of  the 
nuclei  stained  for  the  Ki-67-Ag,  with  an  average  of  13%. 
Only  one  specimen  was  negative  for  Ki-67-Ag  expres- 
sion  in  the  superficial  compartment. 

When  examined  for  BCL-2,  the  basal  cell  compart- 
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ment  of  CIN  II  showed  moderate  expression  in  all  tissue 
specimens.  In  2  tissue  fragments,  weak  and  moderate 
staining  was  seen  in  the  intermediate  compartment, 
while  one  case  stained  throughout  the  full  epithelial 
thickness.  5 

All  13  CIN  III  tissue  fragments  displayed  immunore- 
activity  for  Ki-67-Ag.  In  the  basal  cell  compartment,  an 
average  of  45%  of  the  nuclei  stained  positive,  demon- 
strating  a  variation  of  between  approximately  1  and  70% 
of  the  nuclei  positively  staining  (see  Figure  3).  In  the  10 
intermediate  and  superficial  cell  compartment,  12  of  13 
specimens  showed  positive  Ki-67-Ag  expression  in 
approximately  1  to  70%  of  the  nuclei.  The  average  per- 
centage  of  nuclei  staining  positive  for  Ki-67-Ag  in  the 
intermediate  cell  compartment  and  the  superficial  cell  is 
compartment  layer  was  approximately  40%  and  24%, 
respectively. 

In  all  CIN  III  lesions,  approximately  95%  of  the  cells 
in  the  basal  cell  compartment  were  moderately  immun- 
odetected  by  the  BCL-2  antibody.  In  the  intermediate  20 
cell  compartment,  1  1  fragments  showed  immunoreac- 
tivity  in  approximately  60%  of  cells  (see  Figure  4).  In  5 
lesions,  there  was  also  weak  BCL-2  immunoreactivity  in 
the  superficial  layer  in  approximately  30%  of  the  cells. 
Three  lesions  showed  high  levels  of  Ki-67-Ag  and  BCL-  25 
2  in  all  cell  layers. 

The  carcinoma  tissue  specimens  comprised  8  non- 
keratinizing  squamous  cell  carcinomas  and  5  adenocar- 
cinomas  of  the  cervix.  The  Ki-67-Ag  antibody  was 
expressed  in  all  carcinomas,  with  an  average  of  40%  of  30 
all  nuclei  staining  positively.  An  average  range  from 
approximately  5  to  70%  of  nuclear  staining  positive  was 
similar  for  both  tumor  types.  It  was  noted  that  Ki-67-Ag 
expression  increased  with  adenocarcinoma  grade. 

BCL-2  was  expressed  in  all  adenocarcinomas,  35 
showing  weak  to  moderate  staining  in  approximately 
90%  of  malignant  cells.  The  squamous  cell  carcinomas 
showed  weak  BCL-2  immunoreactivity  in  5  of  8  cases, 
with  an  average  of  38%  of  the  cells  staining  positively. 

The  results  of  Ki-67-Ag  expression  and  apoptosis  40 
inhibition  as  indicated  by  BCL-2  summarized  in  Figure 
6,  were  compared  to  morphologically  determined 
stages  of  premalignant  changes,  which  serve  as  predic- 
tors  of  progressive  potential. 

The  high  Ki-67-Ag  expression  levels  seen  in  the  45 
nuclei  of  the  parabasal  cell  compartment  of  ectocervical 
epithelium  reflects  that  this  compartment  harbors  the 
highest  cell  growth  fraction.  In  contrast,  the  basal  cell 
compartment  shows  a  low  proliferative  fraction.  A  strik- 
ing  difference  was  observe  in  immature  squamous  so 
metaplasia  and  CIN  as  compared  to  normal  ectocervi- 
cal  and  mature  squamous  metaplastic  epithelium  with 
respect  to  expression  of  the  Ki-67-Ag  in  basal  and  para- 
basal  cell  nuclei.  The  former  epithelia  all  show  pro- 
nounced  proliferative  activity  in  their  basal  cell  55 
compartments  as  concluded  from  their  Ki-67-Ag 
expression,  while  in  the  latter,  the  proliferative  compart- 
ment  is  limited  to  the  parabasal  cell  compartment  only. 

An  increase  in  Ki-67-Ag  expression  in  the  succes- 

sive  grades  of  CIN  was  seen.  Both  the  number  of  Ki-67- 
Ag  positive  nuclei  and  the  extent  of  staining  in  the 
superficial  layers  increased  with  progression  of  CIN. 
The  increase  in  the  average  number  of  Ki-67-Ag  posi- 
tive  nuclei  indicates  that  the  extent  of  the  growth  fraction 
in  the  various  CIN  lesions  is  in  its  own,  a  useful  param- 
eter  capable  of  indicating  the  severity  of  CIN. 

A  few  of  the  specimens  of  low-grade  CIN  showed 
higher  proliferative  factions  than  the  average  prolifera- 
tive  fraction  of  high-grade  CIN.  Moreover,  some  cases 
of  high-grade  CIN  lesions  showed  lower  numbers  of  Ki- 
67-Ag  positive  nuclei  than  observed  in  most  CIN  I 
lesions.  This  suggests  that  lesions  morphologically 
classified  as  CIN  I  with  high  levels  of  Ki-67-Ag  may  have 
a  more  progressive  potential  than  CIN  III  with  a  low  pro- 
liferative  fraction. 

It  was  also  observed  that  immature  squamous 
metaplastic  lesions  associated  with  CIN  showed  higher 
levels  of  Ki-67-Ag  staining  than  immature  squamous 
metaplastic  lesions  seen  in  controls.  This  appears  to  be 
an  early  indication  that  increased  proliferation,  as  indi- 
cated  by  the  extent  of  Ki-67-Ag  expression  in  the  imma- 
ture  squamous  epithelium,  precedes  the  morphologic 
changes  characteristic  of  CIN.  Thus,  this  epithelium  will 
not  follow  the  usual  route  of  differentiation  to  mature 
metaplastic  epithelium  as  observed  in  control  speci- 
mens,  but  will  develop  into  CIN. 

The  level  of  Ki-67-Ag  expression  in  immature  squa- 
mous  metaplasia  was,  however,  found  to  be  considera- 
bly  lower  than  in  the  low  grade  CIN  lesions.  This 
indicates  that  these  two  types  of  epithelium  may  be  eas- 
ily  separated  on  the  basis  of  their  levels  of  Ki-67-Ag 
expression 

BCL-2  expression  in  the  basal  cells  of  the  ectocer- 
vix  reflects  the  stem  cell  function  of  this  compartment.  It 
appears  that  BCL-2  is  required  for  protection  of  these 
stem  cells  against  apoptotic  cell  death,  thereby  main- 
taining  epithelial  homeostasis.  The  presence  of  BCL-2 
in  the  basal  cells,  as  well  as  in  the  reserve  cells,  repre- 
senting  cell  compartments  with  low  proliferative  capac- 
ity,  is  necessary  for  maintaining  these  epithelia  with 
stem  cell  characteristics. 

BCL-2  expression  increases  with  increasing  sever- 
ity  of  CIN,  and  in  this  way  an  extending  cell  compart- 
ment  arises  that  combines  both  Ki-67-Ag  and  BCL-2 
expression.  In  cases  in  which  both  markers  are 
intensely  expressed,  protection  from  apoptotic  cell 
death  and  an  increased  growth  fraction  have  a  synergis- 
tic  effect  in  the  accumulation  of  dysplastic  cells.  In  these 
lesions,  the  accumulation  of  genomic  aberrations  is 
likely  to  occur  since  cells  that  acquire  irreversible 
genetic  damage  during  DNA  replication  are  no  longer 
prone  to  apoptosis. 

The  staining  patterns  of  the  cell  proliferation  and 
apoptosis  protection  markers  in  epithelial  tissues  and 
(pre)cancerous  lesions  provide  important  information 
on  the  progressive  potential  of  CIN  and  on  the  progno- 
sis  in  patients  suffering  from  cervical  carcinomas.  The 
relationship  between  proliferative  cells  and  cells  pro- 
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tected  from  cell  death  in  normal  epithelium,  determined 
using  Ki-67  antigen  and  BCL-2  as  markers,  respec- 
tively,  is  illustrated  generally  in  Figure  5a.  The  combined 
expression  of  the  above-mentioned  markers  within  one 
and  the  same  cell  population  indicates  the  presence  of  5 
a  potentially  progressive  and  aggressive  fraction  within 
an  epithelium.  This  relationship  is  illustrated  in  Figure 
5b.  Furthermore,  the  percentages  of  cells  co-express- 
ing  proliferation  and  apoptosis  protection  markers  indi- 
cates  the  severity  of  the  lesion  under  examination.  w 

In  another  embodiment  of  the  present  invention,  the 
progressive  potential  of  premalignant  tissue  cells  may 
be  determined  using  a  prognostic  immunohistochemi- 
cal  kit  comprising  a  antibody  capable  of  distinguishing 
epithelial  cells  from  non-epithelial  cells,  an  antibody  15 
which  detects  a  cell  proliferation  marker,  and  an  anti- 
body  which  detects  a  cell  apoptosis  protection  marker. 
An  example  of  an  antibody  capable  of  distinguishing 
epithelial  cells  from  non-epithelial  cells  is  a  antibody  for 
detecting  or  marking  keratin  in  the  epithelial  cells.  Since  20 
non-epithelial  cells  do  not  contain  keratin,  these  are 
gated  out  from  a  cell/tissue  preparation  In  another 
embodiment,  epithelial  cells  are  distinguished  from  non- 
epithelial  cells  negatively,  i.e.,  by  detecting  a  marker  not 
found  in  epithelial  cells,  for  example,  by  using  CD45.  25 
Other  antibodies  useful  to  detect  pan-hematopoietic 
cells  are  also  useful. 

Each  antibody  is  tagged  with  a  different  label. 
Examples  of  suitable  labels  include  enzymes,  such  as 
Horseradish  Peroxidase  (HRP),  Fluorochromes,  such  30 
as  FITC,  or  other  ligands,  such  as  biotin,  so  that  three 
parameters,  i.e.,  epithelial  cell  marker,  cell  proliferation 
marker,  and  cell  apoptosis  inhibition  marker,  are  labeled 
differently.  The  triple-labeled  tissue  cell  specimen  may 
be  analyzed  using  flow  cytometry  methods  or  static  tis-  35 
sue  analysis  techniques. 

Numerous  antibodies  known  to  those  skilled  in  the 
art  may  be  selected  for  keratin  labeling.  Exemplary  of 
those  antibodies  are  RCK108,  RCK102,  and  RCK105. 
Ki-67-Ag  and  BCL-2  may  be  used  as  cell  proliferation  40 
and  cell  apoptosis  inhibition  markers,  respectively.  The 
antibodies  described  above  for  identifying  these  mark- 
ers  may  be  used  in  the  kit,  as  well  as  others  known  to 
those  skilled  in  the  art. 

All  patents,  patent  applications,  and  publications  45 
referenced  herein  are  hereby  incorporated  by  reference 
as  though  set  forth  in  full. 

Although  the  foregoing  invention  has  been 
described  in  some  detail  by  way  of  illustration  and 
example  for  purposes  of  clarity  and  understanding,  it  so 
will  be  obvious  that  certain  changes  and  modifications 
may  be  practiced  within  the  scope  of  the  invention,  as 
limited  only  by  the  scope  of  the  appended  claims. 

Claims  55 

1.  A  method  for  identifying  premalignant  changes  in 
the  cells  of  an  epithelial  tissue  comprising  the 
steps: 

(a)  measuring  the  level  of  cell  proliferation  in 
the  tissue; 
(b)  measuring  the  level  of  cell  death  inhibition 
in  the  tissue;  and 
(c)  comparing  the  level  of  cell  proliferation  to 
the  level  of  cell  death  inhibition  to  determine  a 
percentage  of  cells  combining  both  markers, 
thereby  detecting  premalignant  changes  in  the 
cells. 

2.  The  method  according  to  claim  1  ,  wherein  the  level 
of  cell  proliferation  is  measured  by  determining  the 
expression  of  a  cell  proliferation  antigen. 

3.  The  method  according  to  claim  1  ,  wherein  the  level 
of  cell  proliferation  is  measured  by  determining  the 
expression  of  a  proliferation  marker. 

4.  The  method  according  to  claim  1  ,  wherein  the  level 
of  cell  proliferation  is  measured  by  determining  the 
expression  of  Ki-67  antigen. 

5.  The  method  according  to  claim  4,  wherein  Ki-67 
antigen  expression  is  determined  immunocyto- 
chemically  with  an  MIB  1  antibody. 

6.  The  method  according  to  claim  1  ,  wherein  the  level 
of  cell  death  inhibition  is  measured  by  determining 
the  expression  of  a  cell  death  inhibition  marker. 

7.  The  method  according  to  claim  1  ,  wherein  the  level 
of  cell  death  inhibition  is  measured  by  determining 
the  expression  of  BCL-2  cell  membrane  protein. 

8.  A  method  for  identifying  premalignant  changes  in 
the  cells  of  a  cervical  lesion  comprising  the  steps: 

(a)  measuring  the  level  of  cell  proliferation  in 
the  lesion; 
(b)  measuring  the  level  of  cell  death  inhibition 
in  the  lesion;  and 
(c)  comparing  the  level  of  cell  proliferation  to 
the  level  of  cell  death  inhibition  to  determine  a 
percentage  of  cells  combining  both  markers, 
thereby  detecting  premalignant  changes  in  the 
cells. 

9.  A  prognostic  kit  for  determining  the  progressive 
potential  of  an  epithelial  tissue  comprising: 

(a)  an  antibody  for  determining  the  expression 
level  of  a  cell  proliferation  marker  in  the  tissue; 
and 
(b)  an  antibody  for  determining  the  expression 
level  of  a  cell  death  inhibition  marker  in  the  tis- 
sue. 

10.  The  kit  according  to  claim  9,  further  comprising  an 
antibody  capable  of  distinguishing  epithelial  cells 
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from  non-epithelial  cells. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

8 



EP  0  806  668  A2 

i 
•  /  '  ! 

/ 

'  N  1  I 

i  u  a  £  *  1 

3  I 

3   ̂ H   *  - 

- ■ f j p m ' - - * .   
* 

« 

V  

3; 

9 



EP  0  806  668  A2 

E-pi+KtJ  t u r n  

: 
Cells  J?ra4-ccA~es^~  ~£vor-v\ 

ne.crplq.snc.  5p\-rnci  I  U  rr\ 

.  >  

10 



u  uuu  quo 

i -6   7 - A g   B C L - 2  

^TUtfcnviA 

c 
JDOCERVIX 

IN  ! 

<_IN  in 

3 Q U A M   CELL 

A D E N O  

IUUoU  DU  ^HJ  £\J  vj  i 
AVERAGE  %  POSITIVE  CELLS 

■  i 


	bibliography
	description
	claims
	drawings

